Molecular markers for
with modifications. The Nassella sequence reads were searched for di to hexanucleotide repeat re gions flanked by appropriate regions for primer design using MSATCOMMANDER (Faircloth, 2008) , resulting in a total of 745 SSR regions. Primers were designed via the default settings of Primer3 (Rozen and Skaletsky, 1999) as implemented in MSATCOMMANDER with the following user specifications: amplification regions of 100-500 bp, an optimal oligo melting tem perature range of 57-62°C, GC content range of 20-80% with an optimum rate of 50%, low levels of self or pair complementarity, and a maximum end stability (∆G) of 8.0 (Faircloth, 2008) . According to these criteria, 48 primer pairs were chosen for screening. These 48 primer pairs were tested on the li brary sample (Nas library) and six samples from the Marlborough Region (Appendix 1). An M13 tag (TGTAAAACGACGGCCAGT) on the 5′ end of the forward primer enabled the use of fluorescent labeled M13F probes to be included in the second step of the PCR amplification, prior to separation via capillary electrophoresis (Schuelke, 2000; Abdelkrim et al., 2009 ). PCRs and capillary electrophoreses were performed as described in Goeke et al. (2017) , using the same PCR conditions for all markers: initial denaturation at 95°C for 5 min; 30 cycles of 95°C for 20 s, 55°C for 15 s, and 72°C for 30 s; followed by 10 cycles of 95°C for 20 s, 51°C for 15 s, and 72°C for 30 s; and final extension at 72°C for 10 min. Fragments were sized and scored using GeneMarker version 2.7.0 (SoftGenetics, State College, Pennsylvania, USA) and Geneious 10.1.3 (Biomatters Ltd., Auckland, New Zealand), and pol ymorphism and repeatability of each locus were assessed.
Of the 48 tested SSR markers, 32 loci could be successfully am plified and showed no more than two alleles per individual. Of the 48 loci tested, 17 produced monomorphic and 15 produced pol ymorphic fragments (Table 1 ). The screening of further samples NasSSR4 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 2 0.00 0.18 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 2 0.00 0.12 3 0.00 0.04 -NasSSR5 2 0.00 0.23 1 0.00 0.00 1 0.00 0.00 2 0.00 0.18 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 2 0.00 0.05 + NasSSR13 3 1.00 0.56 2 0.20 0.18 2 0.10 0.10 2 0.80 0.48 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 3 0.07 0.13 4 0.27 0.18 -NasSSR15 2 0.00 0.23 1 0.00 0.00 1 0.00 0.00 2 0.00 0.18 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 3 0.00 0.05 -NasSSR16 2 0.00 0.23 1 0.00 0.00 1 0.00 0.00 2 0.00 0.18 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 3 0.93 0.56 4 0.12 0.12 -NasSSR17 3 1.00 0.56 2 1.00 0.50 2 1.00 0.50 3 1.00 0.55 2 1.00 0.50 2 1.00 0.50 2 1.00 0.50 3 0.07 0.13 5 0.88 0.47 + NasSSR20 3 1.00 0.56 2 1.00 0.50 2 1.00 0.50 2 0.90 0.50 2 1.00 0.50 2 1.00 0.50 2 1.00 0.50 5 0.31 0.44 5 0.90 0.50 -NasSSR23 3 1.00 0.56 2 1.00 0.50 2 1.00 0.50 4 1.00 0.59 2 1.00 0.50 2 1.00 0.50 2 1.00 0.50 3 0.07 0.13 6 0.88 0.47 -NasSSR27 2 0.00 0.23 1 0.00 0.00 1 0.00 0.00 2 0.00 0.18 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 2 0.93 0.50 5 0.12 0.11 -NasSSR29 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 3 0.93 0.56 3 0.12 0.07 -NasSSR35 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 2 0.00 0.18 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 2 0.00 0.12 3 0.00 0.04 + NasSSR36 2 0.00 0.23 1 0.00 0.00 1 0.00 0.00 2 0.00 0.18 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 4 0.00 0.05 -NasSSR37 2 0.00 0.23 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 3 0.93 0.56 4 0.12 0.10 + NasSSR40 2 0.00 0.23 1 0.00 0.00 1 0.00 0.00 2 0.00 0.18 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 3 0.93 0.56 3 0.12 0.12 -NasSSR45 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 1 0.00 0.00 2 0.00 0.00 -Note: + = successful cross-amplification; -= unsuccessful cross-amplification; A = number of alleles; H e = expected heterozygosity; H o = observed heterozygosity; N = number of individuals analyzed, N. ten = Nassella tenuissima. a Locality and voucher information are provided in Appendix 1. was conducted with the 15 polymorphic loci, of which 11 could be combined into three multiplex PCR reactions. Multiplex combina tions were: set 1 (NasSSR5, NasSSR15, NasSSR16, and NasSSR35), set 2 (NasSSR4, NasSSR23, NasSSR36, and NasSSR40), and set 3 (NasSSR17, NasSSR29, and NasSSR45). Initial testing of these mixes with four samples confirmed the applicability of the multiplexed primer pairs for detection of correct genotypes. The three mixes and four individual primer pairs were then applied to the remaining N. trichotoma DNA samples for genotyping and to five N. tenuissima samples to test cross species amplification. The 15 developed novel markers could successfully be applied to genotype 105 N. trichotoma samples. Summary statistics and principal coordinates analysis (PCoA) were prepared using GenAlEx 6.501 (Peakall and Smouse, 2006) . Among the 15 polymorphic loci, the total number of alleles per locus ranged from two to six, mean levels of observed heterozygosity ranged from 0.00 to 0.90, and mean levels of expected heterozygosity ranged from 0.00 to 0.50. The mean percentage of polymorphic loci across all populations was 42.5%. Four of the 15 markers (27%) suc cessfully cross amplified the related species N. tenuissima ( Table 2 ). The fragment sizes were monomorphic, identical for all five samples, and different from N. trichotoma (NasSSR5 = 267 bp, NasSSR17 = 327 bp, NasSSR35 = 169 bp, and NasSSR37 = 182 bp). The PCoA analysis separated the three regions on the South Island: Canterbury (Banks Peninsula), North Canterbury (Benger Farm), and Marlborough (Fig. 1) . The five populations from Marlborough formed one group. The Hawke's Bay population on the North Island was similar to the North Canterbury population. One individual sample from Banks Peninsula, Canterbury, also belonged to this combined group. Two in dividual samples from North Canterbury and one from Marlborough did not group with any population. The genotype of the single sample used for generating the sequencing library (from Amberley, North Canterbury) was similar to the North Canterbury/Hawke's Bay group.
CONCLUSIONS
We developed 32 SSR markers for N. trichotoma in New Zealand, based on Roche 454 sequencing of total genomic DNA. Fifteen polymorphic markers were optimized for genotyping of eight populations from one region in the North Island and three regions in the South Island of New Zealand. Genetically distinct populations were identified, and the results will be valuable for intraspecific phylogenetic and population structure studies to identify the overseas origin of N. trichotoma in New Zealand and to source potential biological control agents. Cross amplification of the markers in N. tenuissima suggests their suitability for other closely related species. The monomorphic markers could also potentially be useful for the study of closely related species. APPENDIX 1. Location data and herbarium voucher information for the Nassella specimens included in this study. 
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